Preparation of N-pyridoxylidenehydrazine-N',N'-diacetic acid (1) and related compounds and evaluation of their 99mTc complexes as hepatobiliary imaging agents were reported in the previous papers.' Compound 1 is the hydrazone of hydrazine-N,N-diacetic acid with pyridoxal (PL). Its molecular structure was designed on the basis of the following considerations.
The 99mTc complexes of a number of chelating ligands have been used as radiopharmaceuticals for hepatobiliary scintigraphy. The ligands currently used are classified into two groups of compounds.. One group consists of derivatives of iminodiacetic acid (IDA), such as N-(2,6-diethylphenylcarbamoylmethyl)iminodiacetic acid (E-HIDA). Its 99mTc chelate is one of the most widely used hepatobiliary radiopharmaceuticals. The other group of the ligands consists of the Schiff bases of PL with amino acids. Compound 1 has two sets of chelating groups in the molecule, i.e. the IDA and PL Schiff base moieties, and was assumed to be a good model compound for studies of hepatobiliary imaging as well as metal chelation.
The results of biodistribution and scintigraphic studies in experimental animals showed that the 991"Tc complexes of 1 and a related hydrazone, N-(3-hydroxy-4-pyridylmethylene)hydrazine-N',N'-diacetic acid were good hepatobiliary tracers. The results also showed that considerable radioactivity was present in the liver and kidneys. Consequently, these compounds are not as satisfactory as E-HIDA as ligands of hepatobiliary radiopharmaceuticals. This was assumed to be due to the presence of polymeric forms of
In an effort to avoid the polymerization of 99mTc and to improve the yield of the 99mTc chelate, metal chelation by 1 and related ligands was studied.
Since no stable nuclide of Tc exists, structural studies of Tc chelates by conventional chemical methods are impossible. However, studies of the complexes of other metals such as Cu(II) might improve our understanding of the Tc chelates. The present paper describes the results of spectrophotometric studies of the metal chelates of 1 and related hydrazones.
Results
The spectroscopic properties of the chromophores of PL, its analogs, their Schiff bases, metal chelates of the Schiff bases and other derivatives are sensitively dependent upon structural factors. Extensive studies have been made on the assignments of the spectral bands to specific species in solution and on the shift of the bands with changes in the structural features of the species.1b,2-4) Interpretation of the spectra of the metal chelates of the PL hydrazones in the present study was assisted by the results of these studies.
The absorption spectra of methanolic and aqueous solutions of hydrazones and metal ions were measured under various conditions. The hydrazones studied were 1, Npyridoxylidene-N ' -methylhy dr azine (2) , N-pyridoxylidene-N',N'-dimethylhydrazine (3) and N-pyridoxylidene-N',N'-diphenylhydrazine (4) , which are the hydrazones of PL with hydrazine-N,N-diacetic acid, methylhydrazine, 1,1-dimethylhydrazine and 1,1-diphenylhydrazine, respectively. N-(3-Hydroxy-4-pyridylmethylene)hydrazine-N',N'-diacetic acid (5) was also studied; it is the hydrazone of hydrazine-N',N'-diacetic acid with 4-formy1-3-hydroxypyridine, a structural analog of PL. The structures of the hydrazines are shown in Chart 1. Discussion N-Pyridoxylidenehydrazine-N',N'-diacetic acid (1) and N-pyridoxylidene-N'-methyihydrazine (2) formed Cu(II) chelates of the same spectral character in methanol, though the compositions of the chelates were 1 : 1 and 1 : 2, respectively. The considerable spectral changes between the neutral species of the ligands and the metal chelates indicate that the phenolate oxygen and the hydrazine nitrogen atoms chelate Cu(II) ion. Since 2 is assumed to act as a bidentate ligand, the formation of the 1 :2 (metal : ligand) chelate is reasonable. The chelation by the IDA moiety of 1 could not be determined, as chelation would not significantly change the spectra. The formation of the 1: 1 chelate suggests that 1 acts as a trior tetradentate ligand. The stability constant of the Cu(II) chelate of 1 was larger than that of 2 in aqueous solution. This represents further support for the assumption that the IDA moiety coordinated Cu(II) in the 389-nm absorbing chelate.
The Co(II) and Ni(II) chelates of 1 were formed in methanol, as was the Cu(II) chelate. On the other hand, the formation of the Zn(II), Cd(II) and La(III) chelates was recognized only in the presence of a large excess of the metal salt. The possibility can not be excluded that the metal ions were chelated only by the IDA moiety in dilute solutions. The fact that 2 did not form chelates with these metal ions showed that the IDA moiety plays an important role in the chelation of 1.
We conclude that the IDA moiety introduced into N-pyridoxylidenehydrazine coordinated metal ions and enhanced the stability of the metal chelates. However, the stability constants of 1 with Cu(II) and other di-and trivalent metals were not as high as we had expected. We assume that the 991"Tc chelation of 1 was incomplete due to the low stability of the chelate under the conditions used in the previous study, resulting in the formation of polymeric forms of the radionuclide, which led to the accumulation of radioactivity in the liver and kidneys.
Experimental
The hydrazones used in the study were prepared according to the method described previously.' Other chemicals and solvents were of reagent grade and were obtained from commercial sources. The absorption spectra were recorded at room temperature with a Shimadzu UV-240 spectrophotometer. All spectral studies were carried out immediately after preparing sample solutions.
